




Studies on dendritic cells and ‘leukemia derived dendritic cells’ in the treatment 















Aus der Medizinischen Klinik und Poliklinik III 
Klinikum der Ludwig-Maximilians-Universität München 




Studies on dendritic cells and ‘leukemia derived dendritic cells’ in the 





zum Erwerb des Doktorgrades der Medizin 
an der Medizinischen Fakultät der 
Ludwig-Maximilians-Universität zu München 
 
vorgelegt von 









Mit Genehmigung der Medizinischen Fakultät 




Berichterstatter:  Prof. Dr. rer. nat. Dr. rer. biol. hum. habil. Helga 
Schmetzer, Dipl. Biol. 
 
Mitberichterstatter:   PD Dr. Hannah-Mari Baldauf 
    Prof. Dr. Tobias Feuchtinger 




Dekan:    Prof. Dr. med. dent. Reinhard Hickel 
 






Ich erkläre hiermit an Eides statt, dass ich die vorliegende Dissertation mit dem 
Thema 
 
Studies on dendritic cells and ‘leukemia derived dendritic cells’ in the treatment 
of acute myeloid leukemia and myelodysplastic syndrome 
 
selbständig verfasst, mich außer der angegebenen keiner weiteren Hilfsmittel 
bedient und alle Erkenntnisse, die aus dem Schrifttum ganz oder annähernd 
übernommen sind, als solche kenntlich gemacht und nach ihrer Herkunft unter 
Bezeichnung der Fundstelle einzeln nachgewiesen habe. 
Ich erkläre des Weiteren, dass die hier vorgelegte Dissertation nicht in gleicher 
oder in ähnlicher Form bei einer anderen Stelle zur Erlangung eines 








Contents   
Eidesstattliche Versicherung ......................................................................................... 3 
1 Abbreviations ......................................................................................................... 5 
2 Publications ........................................................................................................... 7 
2.1 Publications Included in this Thesis ......................................................................... 7 
2.2 Other original publications ......................................................................................... 7 
2.3 Poster Presentation .................................................................................................... 8 
3 Co-Authors’ confirmation ....................................................................................... 9 
4 Introduction .......................................................................................................... 10 
4.1 Acute myeloid leukemia ........................................................................................... 10 
4.2 Standard Treatment ................................................................................................. 10 
4.3 New AML Therapies ................................................................................................. 11 
4.4 Dendritic Cell-Based Therapy ................................................................................. 13 
4.5 DCleu Based Therapy.............................................................................................. 14 
4.6 Publications Included in this Thesis and contributions ....................................... 14 
4.6.1 Publication I, Liepert et al. 2010 ..................................................................... 15 
4.6.2 Publication II, Vogt et al. 2014 ........................................................................ 15 
4.6.3 Publication III, Ansprenger et al. 2018 .......................................................... 16 
4.6.4 Conclusion ......................................................................................................... 17 
5 Summary/Zusammenfassung .............................................................................. 18 
5.1 Summary .................................................................................................................... 18 
5.2 Zusammenfassung ................................................................................................... 20 
6 Publication I, Liepert et al. 2010 ........................................................................... 23 
7 Publication II, Vogt et al. 2014 ............................................................................. 32 
8 Publication III, Ansprenger et al. 2018 ................................................................. 50 
9 Literaturverzeichnis .............................................................................................. 67 
10 Danksagung ........................................................................................................ 70 






ADCC Antibody Dependent Cell-Mediated Cytotoxicity 
AML Acute Myeloid Leukemia 
BCR/ABL Breakpoint Cluster Region-Abelson Murine Leukemia Viral 
Oncogene Homolog 1-Fusion Gene 
CAR-T Chimeric Antigen Receptor-T-Cell-Therapy 
CD Cluster of Differentiation 
CIK Cytokine-Induced Killer Cells 
CML Chronic Myelogenous Leukemia, 
CTLA-4 Cytotoxic T-Lymphocyte-Associated Protein 4 
DC Dendritic Cells 
DCleu  Leukemia-Derived Dendritic Cells 
DLI Donor-Lymphocyte Infusion 
FLT3 Fms Like Tyrosinekinase 3 
FLT3-L FLT3-Ligand 
GM-CSF Granulocyte Macrophage Colony-Stimulating Factor 
GMP Good Manufacturing Practice 
GvHD Graft Versus Host Disease 
HLA Human Leukocyte Antigen 
hTERT Human Telomerase Reverse Transcriptase 
IFN-γ Interferon-γ 
IL Interleukin 
iNKT Invariant Natural-Killer T-Cells  
KIR-
receptor 
Killer Cell Immunoglobulin-Like Receptor 
LAA Leukemia-Associated Antigens 
mHA Minor Histocompatibility Antigen 
MHC Major Histocompatibility Complex 
MLC Mixed Lymphocyte Culture 
MNC Mononuclear Cells 
mRNA Messenger Ribonucleic Acid 
MUC1 Mucin-1 
NK Natural-Killer Cells 
NKG2D Natural-Killer Group 2, Member D 




NPM1 Nucleophosmin 1 
NY-ESO New York Esophageal Squamous Cell Carcinoma-1 
PD1 Programmed Cell Death Protein 1 
PGE1 Prostaglandin E1 
PGE2 Prostaglandin E2 
PIND Paramunity Inducer 
PR1 HLA-A2 Nonameric Peptide Derived From Neutrophil Elastase and 
Proteinase 3 
PRAME Preferentially Expressed Antigen in Melanoma 
RNA Ribonucleic Acid 
SCT Stem Cell Transplantation 
TIM-3 T-Cell Immunoglobulin and Mucin Domain-Containing Protein 3 
Tcm Central memory T-Cells 
TNF-α Tumor Necrosis Factor-α 
Tnaïve Naïve T-Cells 
UTY Ubiquitously Transcribed Tetratricopeptide Repeat Containing, Y-
Linked 
WB Whole Blood 




2.1 Publications Included in this Thesis 
The following publications were summarized for this cumulative medical thesis 
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Potential of immunotherapies in the mediation of antileukemic responses for 
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(MDS) - with a focus on Dendritic cells of leukemic origin (DCleu)  
Clin Immunol. 2020 May 26;217:108467. doi: 10.1016/j.clim.2020.108467 
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Role of Interferon (IFN)α in “Cocktails” for the Generation of (Leukemia-derived) 
Dendritic Cells (DCleu) From Blasts in Blood From Patients (pts) With Acute 
Myeloid Leukemia (AML) and the Induction of Antileukemic Reactions 
J. Immunotherapy, 42, 5, 143-161 (2019) 
 
C. Ansprenger, E. Burri 
Diagnose und Monitoring bei chronisch-entzündlicher Darmerkrankung 
Ther Umsch. 2019 Jan;75(5):316-328. doi: 10.1024/0040-5930/a001002 
 
C. Ansprenger, J. Alder, A. Bergerhoff, H. Kummer, F. Meyer zu Bentrup 
Case-Report: Anilin-Intoxikation und Hypothermie, Kälteschutz, der wirkt 
Swiss Medical Forum 2016; 24: 526-528 
 
2.3 Poster Presentation 
C. Ansprenger, J. Schick, V. Vogt, M. Zerwes, T. Kroell, H.J. Kolb, B. Mayr, 
A.,ayr, H.M. Schmetzer 
Paramunity-inducing factors have the capacity to improve DC-maturity, 
proportions of DCleu and early T-cell proliferation, but impair ex-vivo 
antileukemic functionality and therefore require thorough analyses before 
application in man.  




3 Co-Authors’ confirmation 
All co-authors signed a confirmation document, that Christian Ansprenger has 
the permission to use the publications for his medical thesis. Furthermore, they 
confirmed that the publications are not part of another doctoral theses. 





4.1 Acute myeloid leukemia 
Acute myeloid leukemia is the most common acute leukemia in adults. The term 
encompasses a group of heterogeneous aggressive leukemic cancers that 
develop from and are upheld by leukemic stem cells. Further mutational events 
in cells developed from leukemic stem cells and their clonal expansion lead to 
the genetic/molecular heterogenicity found in the blast-population at diagnosis. 
Malignantly transformed blasts are characterized by expression of myeloid and 
leukemia-associated antigens (e.g., WT1, PR1, PRAME). Accumulation of 
clonally expanded blasts replace physiological hematopoiesis and thereby 
cause the typical symptoms, e.g. anemia, bleeding, infections. Some cases 
present with extramedullary disease, such as affection of the central nervous 
system. Typically symptoms develop rapidly and may be fatal within weeks to 
months, if left untreated. Fast diagnosis and therapy are therefore imperative, 
especially if complications like disseminated intravascular coagulation or tumor 
lysis syndrome are present. Prognosis depends on clinical features (e.g. age, 
comorbidities, prior MDS) as well as certain cytogenetic and/or molecular 
features. The latter can be stratified according to the 2017 European Leukemia 
Net risk stratification as being favorable, intermediate or adverse [1–5].  
4.2 Standard Treatment 
If the Patient is deemed fit for intensive chemotherapy, complete remission is 
set as the initial goal in most cases. It is defined as no evidence of blasts in the 
peripheral blood and detection of less than 5% blasts in the bone marrow in 
combination with a recovery of peripheral blood parameters. Complete 
remission is associated with longer overall survival as well as improved quality 
of life. Induction chemotherapy is performed with an anthracycline plus 
cytarabine-based regimen, possibly augmented by an FLT3 inhibitor or 
gemtuzumab ozogamicin, where suitable (FLT3 mutation, CD33+). Cytarabine 
and daunorubicin (CPX-351) is preferred in therapy-related AML or AML with 
MDS-related changes. Depending on individual patients’ risk of relapse, risk of 
HSCT itself as well as personal preferences and availability of a suitable donor-
source, an intermediate-dose chemotherapy or allogeneic HSCT is chosen as 
consolidation-therapy. Depending on prognostic subtypes, up to 80% of AML 
patients who have had successful chemotherapy relapse within the next two 
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years. Allogeneic SCT is the only treatment modality, that can achieve 
permanent cure. It also offers the best chance of cure for (most) patients, who 
fail to achieve primary induction and for those, who relapse after standard 
therapy [2, 3, 6]. 
Unfortunately, SCT is a very onerous treatment and therefore less suitable for 
older patients or patients with significant comorbidities and/or high morbidity. 
Relapses may occur even after SCT, the risk of which depends on leukemic risk 
profile, stage of disease or preceded therapies at time of transplantation and 
installation of remission after SCT. Moreover, graft versus host disease (GvHD) 
often occurs [7–9]. 
 
4.3 New AML Therapies 
A large number of new treatment strategies with novel and diverse compounds 
are currently under development: antileukemic protein kinase inhibitors, therapies 
targeting specific oncogenic proteins, new cytotoxic agents, epigenetic 
modulators, mitochondrial inhibitors including apoptosis therapies, therapeutic 
and immune checkpoint antibodies and cellular immuno-therapies, therapies 
targeting the AML microenvironment or strategies based on dendritic cells (DC) 
presenting leukemic antigens [1, 10, 11]. In general, many of these strategies are 
plagued by various problems such as low tolerance and/or adverse events after 
drug administration, subpar efficiency or blast-clearance (of all known subtypes) 
in blood, bone marrow or extramedullary sites, and poor generation and/or 
targeting of functional immune-reactive cells and molecules [5, 8]. 
Some of the most promising strategies are aimed at various leukemia-specific 
associated antigens (LAA), which are coded for by mutational events in the 
leukemic clone, as ‘immunological targets’ to elicit humoral or cellular reactions 
against them. Ideal antigens for these approaches are expressed evenly, are of 
central functional significance, are highly immunogenic and are malignancy-
specific in order to avoid toxicity. Several single LAAs are being studied (e.g. 
WT1, NPM1, PRAME). Moreover, several minor histocompatibility antigens 
(mHA) have been analyzed for their potential to initiate leukemia-specific 
responses [12–14]. Exemplarily, CAR (Chimeric Antigen Receptor)-T-cell-
therapy utilizes T-cells, which are genetically engineered to express antigen-
receptors against a specific protein (e.g. CD33, CD123, FLT3, NKG2D). Its 
efficacy - at least for some CAR-T-subtypes - was recently shown in AML: 
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promising leukemia-cytotoxicity was demonstrated against cell lines and 
myeloid blasts of refractory/relapsed patients before or after SCT, although with 
varying results. High costs, the risk of (life threatening) adverse events, e.g. 
cytokine release syndrome or toxicities against alternate targets, and the often 
unknown role of the addressed antigen in the pathogenesis of AML, are some 
of the major disadvantages [13]. 
Clinical data shows an association between improved outcome and an antitumor-
response comprised of both, innate natural-killer (NK, iNKT)- and adaptive T-
cells. Therefore, strategies additionally utilizing the innate immune system have 
come into focus. These employ non-specific CIK-, NK-, or Ɣδ-T-cells, mediated 
by and involved in the mediation of cytokine-, antibody- (ADCC), granzyme-, 
perforin- or (in case of NK-cells) KIR-receptor-mediated effects [13]. Fortunately 
there is no evidence, that links human GvHD to NK cell infusions [8]. Advantages 
of innate-cell-based strategies include their potential migration to ‚tumor-
sites‘ and mediation of fast and effective HLA unrestricted responses against 
AML. The main disadvantage lies in the unspecific approach, which hinders the 
ability to sufficiently differentiate non-specific from specific effects and/or side 
effects. Additionally these cells have to be produced and expanded on a large 
scale ex vivo. 
Antibody-based approaches in AML have been initiated and are currently being 
tested. Strategies include checkpoint-inhibitors, that disconnect the binding of 
inhibitory receptors (e.g. PD1, CTLA-4,TIM-3) to their ligands (“taking off the 
brakes”). Other antibody-based approaches (conjugated or not conjugated with 
drugs) against AML-targets address certain lineage-restricted or aberrantly 
expressed antigens in AML-subsets (e.g. WT1, CD33, NY-ESO, MUC1, FLT3). 
Bispecific antibodies can facilitate an interconnection of leukemic and 
immunoreactive cells (e.g. CD3) [11–13, 15]. First results of ongoing treatments 
using checkpoint-inhibitors and (mono- and bispecific) antibodies against 
lineage-restricted antigens show promising tolerability and efficacy (stabilization 
of disease, hematological improvements and partial responses), although overall 
comparative results are still pending. Main disadvantages include, that the 
inhibitory role of antigen expressions (checkpoint-, lineage-, leukemia-associated 
markers) in the pathogenesis as well as the treatment outcome of single patients 
and their effects as monotherapies are unknown [5]. 
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Additionally, antibody-therapies and transfers of immunoreactive cells are 
passive immunotherapies. They do not lead to the creation of an immunological 
memory.  
Cancer vaccines have been developed to discontinue tumor cell induced 
immunoescape and to (specifically) activate and expand anti-tumor 
immunoreactive cells. In myeloid malignancies peptide-based vaccinations have 
been performed using leukemia-associated antigens (WT1, PR1 or BCR/ABL in 
CML). In general, responses against single LAAs are known to be weak, whereas 
responses against mHA (e.g. UTY) appear to be stronger [8, 16, 17]. These 
vaccinations appear to be well tolerated and they lead to the induction of LAA 
specific T-cells. Clinically, immune responses were variable, but prolonged 
remission was achieved in some cases [12]. 
Despite the plethora of promising approaches, outcomes for AML-patients 
remain unsatisfactory: more than 50% ultimately die from AML-related causes 
[3]. 
4.4 Dendritic Cell-Based Therapy 
DCs function as a vital link between the innate and adaptive immune system. 
Since the turn of the millennium numerous treatment-strategies have been 
developed, that employ DCs’ properties as professional antigen presenting cells 
as well as their capability as key regulators of antigen-specific immune 
responses, stimulating - amongst others - tumor cytotoxic T-cells. DC can be 
generated ex vivo from precursor cells and loaded with tumor-antigens. Common 
techniques are LAA- or telomerase reverse transcriptase (hTERT) protein-
pulsing, mRNA transfection or fusion with AML-cells [11, 12]. Promising results 
were shown for patients (intradermally or subcutaneously) vaccinated with such 
manipulated DC: (leukemia-specific) immune responses could be induced and 
residual blasts were reduced [18]. Data from our group has shown 
antileukemically active CD4+ T-cells after stimulation with LAA/mHA-presented 
through antigen-presenting cells. This finding highlights the central role of CD4+ 
as well as CD8+ cells in the mediation of antileukemic reactions [19]. The 
induction of an immunological memory can be postulated due to the ‘DC-
concept’. The disadvantage of this concept is, that although the ex vivo 
generation and creation of manipulated DCs is possible, the process is time-
consuming and has to be performed under GMP(good manufacturing practice)-
conditions. Additionally the resulting “products” must undergo strict quality-testing 
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(e.g. for infectious contaminations). Moreover, resulting cell products are limited 
in quantity. 
 
4.5 DCleu Based Therapy 
It has been demonstrated by others and us, that T-cells’ immunological restraint  
in the presence of leukemic blasts can be (more elegantly) overcome by 
differentiating blasts to DC (DC of leukemic origin, DCleu). These antigen 
presenting cells thereby display the individual patient’s entire leukemic antigen 
repertoire, independent of age, MHC-, mutational- or transplantation-status [5].  
The superior response of myeloid compared to lymphoid leukemias to SCT 
and/or DLI led to the hypothesis of an spontaneous conversion of myeloid 
blasts to ‘leukemia-derived DC’ (DCleu) in vivo, thereby presenting the patients’ 
individual LAA (e.g. WT1, PR1, PRAME, NPM1 or BCR/ABL translocation in 
CML) and/or other immunological targets such as minor histocompatibility 
antigens (e.g. UTY) together with MHC molecules in conjunction with (induced) 
co-stimulatory receptors (e.g. CD80,CD86), resulting in (specific) activation of 
effector T-cells [8, 17, 20, 21]. Additionally, our data has shown, that iNK-T-cells 
- members of the innate immune system - might be involved in the mediation of  
DC/DCleu-triggered antileukemic activity [22]. 
The advantage of a ‘DCleu’-based concept is, that those DC present the whole 
antigenic repertoire of the individual patient. Moreover DCleu can not only (in 
analogy to DC) be generated ex vivo and be used to vaccinate patients, but 
possibly be induced/ produced from patients’ blasts in vivo: combinations of 
substances stimulating hematopoietic cells as well as inducing DC differentiation 
and DC maturation, can be used to facilitate blasts’ conversion to DCleu (ex vivo 
or in vivo). Subsequently, the activation of the immune system as well as the 
installation of an immunological memory in vivo are induced. 
 
4.6 Publications Included in this Thesis and contributions 
The central theme of the submitted publications is the ex-vivo generation of 
DC/DCleu with various methods and the analysis of the resulting functionality in 
mixed lymphocyte culture. 
 
15 
4.6.1 Publication I, Liepert et al. 2010 
Title: Quality of T-cells after stimulation with leukemia-derived dendritic cells 
(DC) from patients with acute myeloid leukemia (AML) or myeloid dysplastic 
syndrome (MDS) is predictive for their leukemia cytotoxic potential. 
Authors: Liepert A, Grabrucker C, Kremser A, Dreyssig J, Ansprenger C, 
Freudenreich M, Kroell T, Reibke R, Tischer J, Schweiger C, Schmid C, Kolb 
HJ, Schmetzer H. 
Journal: Cell Immunol. 2010;265(1):23-30. doi: 10.1016/j.cellimm.2010.06.009. 
Epub 2010 Jun 20. 
In this project DC/DCleu were generated ex vivo with various standard 
methods: 1. ‘MCM-Mimic’ (GM-CSF, IL-4, TNFa, FL, IL-1ß, IL6, PGE2) is a 
cytokine based DC-differentiation method, PGE2 increases CCR7-expression 
and improves migration. 2. In ‘Picibanil’ (GM-CSF, IL-4, TNFa, lysat from 
Streptococcus pyogenes, PGE2) bacterial lysat and PGE2 stimulate DC 
differentiation. 3. ‘Ca-ionophore’ (IL-4, A23187) is a bypass of cytokine-driven 
DC differentiation. Generated DC/DCleu were co-cultured with patients’ thawn 
T-cells (autologous, allogenic or after SCT) in MLC. Then the T-cells’ 
composition after culture was analyzed by flow cytometry. In a final step a 
cytotoxicity assay was performed. It was shown, that DCs’ composition and 
quality after culture and T-cells’ after MLC is predictive for their leukemia 
cytotoxic potential ex- and in-vivo 
Contribution: Christian Ansprenger contributed to data analysis as well as 
statistical work and its representation. 
 
4.6.2 Publication II, Vogt et al. 2014 
Title: Profiles of activation-, differentiation markers or ß-integrines on T-cells 
contribute to predict T-cells’ antileukemic responses after stimulation with 
leukemia-derived dendritic cells 
Authors: Vogt V, Schick J, Ansprenger C, Braeu M, Kroell T, Kraemer D, Köhne 
CH, Hausmann A, Buhmann R, Tischer J, Schmetzer H. 




In this project DC/DCleu were generated ex vivo with various standard 
methods, the generated DC/DCleu were co-cultured with patients’ thawn T-cells 
(autologous, allogenic or after SCT) in MLC in analogy to publication I. The T-
cells’ composition was analyzed by flow cytometry at various time points during 
and after culture. A cytotoxicity assay was performed in order to assess 
antileukemic functionality. We were able to show, that T-cell stimulation with 
DC/DCleu leads to a shift in T-cell composition from naïve to non-naïve T-cells, 
DC contact antigens are up-regulated and ß-integrin expressing T-cells are 
induced. The increase of the latter correlated with an increase in antileukemic 
functionality. This could potentially help to predict the reactivity of T-cells during 
stimulation. 
Contribution: Christian Ansprenger performed parts of the experiments, 
contributed to data acquisition and analysis as well as statistical work. 
 
4.6.3 Publication III, Ansprenger et al. 2018 
Title: Paramunity-inducing Factors (PINDs) in dendritic cell (DC) cultures lead to 
impaired antileukemic functionality of DC-stimulated T-cells. 
Authors: Ansprenger C, Vogt V, Schick J, Hirn-Lopez A, Vokac Y, Harabacz I, 
Braeu M, Kroell T, Karenberg A, Kolb HJ, Schmetzer H. 
Journal: Cell Immunol. 2018 Jun;328:33-48. doi: 
10.1016/j.cellimm.2018.03.005. Epub 2018 Mar 16. 
In this project DC/DCleu were generated ex vivo with various standard methods 
with and without the addition of different PINDs. Stimulator cells (DC/DCleu 
generated with or without PINDs as well as MNC) were co-cultured with effector 
cells (T-cells or MNC) in MLC with and without the (repeated) addition of PINDs 
(Zylexis). T-cell-composition was analyzed by flow cytometry and a cytotoxicity 
assay was performed. We were able to demonstrate, that addition of PINDS to 
DC culture and MLC changes the effects of DC/DCleu on effector cells in MLC: 
PIND-DC/DCleu lead to negative effects on T-cell composition, cytotoxicity and 
cytokine profile. Consequently, antileukemic trials involving PINDs cannot be 
recommended for the treatment of AML-patients. 
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Contribution: Christian Ansprenger performed the majority of experiments, data 
acquisition, interpretation and analysis including all statistical work and drafted 
the manuscript together with Prof. Schmetzer. 
 
4.6.4 Conclusion 
We were able to prove that DC/DCleu can be generated ex-vivo from AML-
patients’ mononuclear cells with at least one of various methods in any given 
case. ‘Stimulator fractions’ containing these DC/DCleu are able to (LAA-
specifically) activate T-cells – as well as possibly cells of the innate immune-
system - against leukemic cells ex vivo. We were able to demonstrate a 
(favorable) shift in T-cell composition and antileukemic functionality. However, 
this is variable. Our experiments with the addition of PINDs showed altered T-
cell and DC composition as well as an altered microenvironment, resulting in a 
“blast protective capacity”. This confirms the need for and the importance of a 
thorough analysis before therapeutic use: preliminary ex vivo testing is 







The publications included in this thesis are part of the development of a 
DC/DCleu-based treatment strategy for patients with (myeloid) leukemia that is 
applicable independent of age, MHC-, mutational- or transplantational status, that 
addresses every (residual) blast in a culture dish or in the body. It is based on the 
conversion of blasts to leukemia-derived DC, which retain the whole (leukemic) 
antigenic repertoire of the individual patient. 
 
Our group was able to show, that suitable DCleu could be generated from at 
least one DC/DCleu-generating method (containing combinations of immune-
modulatory/ danger-signaling factors: GM-CSF, IL-4, TNF-α, FLT3-L, IL-1β, IL-
6, PGE2, PGE1, bacterial lysate of streptococcus pyogenes (PICIBANIL), or 
calcium ionophore) in every given patient. The generated DC/DCleu (or other 
cells, depending on the experiment) are then incubated as stimulator cells  with 
effector cells (T-cells or MNC) in MLC and subsequently tested for antileukemic 
functionality (functional cytotoxicity assay) [23–25]. 
In publications 1 and 2 [26, 27] we further elucidated the composition and 
behavior of several subsets of T-cells in the context of stimulation by DC/DCleu. 
T-cells are central mediators of anti-leukemic functionality, for which CD4+ as well 
as cytotoxic CD8+ T-cells are key players. Antitumor T-cell anergy can be 
regularly reverted to anti-leukemic activity by stimulation with DC/DCleu [8, 19]. 
Activated T-cells and their clones can be selected and expanded [25, 28]. The 
Quality of anti-leukemic reactivity depends on and is predicted by DCs’ and T-
cells’ composition and quality after MLC. Especially CD4+ and CD45RO+ T-cells 
were predictive of  anti-leukemic activity after DC-stimulation. We were able to 
define cut-off-values predictive for successful ex vivo T-cell activity as well as for 
response to an immunotherapy. Successful blast lysis correlated with higher 
frequencies of (mature, leukemia derived) DC and higher proportions of 
proliferating, CD4+ or CD8+, non-naïve cells after MLC. Antileukemic activity 
increased especially after stimulation with DC and correlated with higher 
proportions of Tcm and Tnaive before stimulation, and with significantly higher 
proportions of activated and β-integrin expressing T-cells [27].  
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Publication 3: In an attempt to optimize the process and augment DC/DCleu 
antigen-presenting capabilities, to enhance the composition and function of DC-
stimulated antileukemic T-cells and enable functioning of cells of the innate 
immune system, we investigated Paramunity-inducing-Factors (PINDs) as co-
stimulants. They “consist of attenuated/inactivated viruses of various poxvirus-
genera and are used in veterinary medicine as non-antigen-specific, non-
immunizing stimulators of the innate immune system against infectious and 
malignant diseases” [23]. Their efficacy is hypothesized to rely on danger-
signaling-interactions to activate and regulate the “paraspecific”, i.e. innate/ 
unspecific immune system against external (e.g. bacteria) or internal (tumorous 
cells) noxa. Addition of PINDs to DC-cultures resulted in an (positive) increase 
of mature DC and DCleu. However, it reduced the fractions of viable as well as 
TLR4+ and TLR9+ DCs. We observed increased early (CD8+) T-cell activation 
(CD69+), tough proportions of effector-T-cells after MLC were reduced. T-cells’ 
and innate cells’ antileukemic functionality was diminished in the presence of 
PINDs in DC- and MLC-cultures. Fittingly, PIND-containing DC- and MLC-
culture-supernatants resembled an inhibitory microenvironment (decreased 
IFN-γ, TNF-α and IL-2, increased IL10). This led us to believe, PINDs might 
induce some kind of “blast-protective effect”. Therefore we concluded, that 
PINDs had no place in antileukemic trials [23]. 
In conclusion we were able to show, that DC/DCleu can (leukemia antigen-
specifically) activate T-cells and potentially cells of the innate immune-system 
and thereby induce antileukemic functionality ex vivo. However, not all DC-
generating methods result in such an activation. Therefore a thorough analysis 
before therapeutic use is of the utmost importance. Even more so, as the future 
focus will lie on the adaption of this ex vivo strategy to an in vivo application: 
antileukemic potential/functionality has to be evaluated and tolerogenic DC or 
other harmful mechanisms have to be excluded before clinical adoption. 
Compared to an adoptive transfer strategy, it would be easier and more elegant 
to circumvent complicated, expensive and logistically demanding ex vivo 
procedures, by activating anti-leukemic immunoreactive cells through drugs that 
initiate blast-differentiation to DCleu in patients directly. In order to achieve this, 
we selected certain drug combinations (“Kits”), containing GM-CSF (as 
myelopoesis-inducing factor) in combination with one or two DC-maturing and 
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danger-signalling factors (TNFα, IFNα, PGE1, PGE2, Picibanil, 
Calciumionophore), that produce DC/DCleu without inducing blast proliferation 
(Helga Schmetzer, German Patent: 10 2014 014 993, US and Europ. Patent 
Application). The next step is to test these kits in whole blood in order to 
simulate in vivo conditions. 
5.2 Zusammenfassung 
Die in dieser Dissertation enthaltenen Publikationen sind Teil der Entwicklung 
einer DC/DCleu-basierten Therapie für Patienten mit (myeloischer) Leukämie, 
unabhängig von Alter, MHC-, Mutations- oder Transplantations-status, basierend 
auf der Umwandlung von Blasten zu DC leukämischen Ursprungs, die das 
gesamte (leukämische) Antigen-Repertoire des individuellen Patienten 
aufweisen. Sie richtet sich gegen alle (residuellen) Blasten - ex-vivo und in-vivo. 
 
Unserer Arbeitsgruppe ist es gelungen zu zeigen, dass bei jedem einzelnen 
Patienten geeignete DCleu aus mindestens einer der DC/DCleu-
Generierungsmethoden (Kombinationen aus Immunmodulatorischen/ “Danger-
signaling“ Faktoren: GM-CSF, IL-4, TNF-α, FLT3-L, IL-1β, IL-6, PGE2, PGE1, 
bakterielles Lysat von Streptococcus pyogenes (PICIBANIL), oder 
Kalziumionophor) gewonnen werden konnten. Die generierten DC/DCleu (oder, 
je nach Experiment auch andere Zellen) werden im Anschluss als Stimulator-
Zellen mit Effektorzellen (T-zellen oder MNC) in einer gemischten Lymphozyten 
Kultur (MLC) inkubiert und schließlich mittels funktioneller Zytotoxizitätsprüfung 
auf ihre antileukämischen Eigenschaften getestet [23–25]. 
In den Publikationen 1 und 2 [26, 27] haben wir die Zusammensetzung und die 
Veränderungen in verschiedenen T-Zell-Subgruppen nach Stimulation durch 
DC/DCleu analysiert. T-Zellen sind die Hauptmediatoren antileukämischer 
Reaktionen - CD4+ und zytotoxische CD8+ T-Zellen nehmen dabei 
Schlüsselpositionen ein [8, 19]. T-Zell Anergie kann regelhaft durch Stimulation 
mit DC/DCleu in antileukämische Aktivität umgewandelt werden: aktivierte T-
Zellen und ihre Klone können selektiert und gezielt vermehrt werden [25, 28]. Die 
Qualität der antileukämischen Reaktion hängt von der Komposition und Qualität 
von DC und T-Zellen nach der MLC ab und lässt sich anhand dieser auch 
prognostizieren. Vor allem CD4+ und CD45RO+ T-Zellen waren bezüglich einer 
antileukämischen Funktionalität nach DC-Stimulation prädiktiv. Wir konnten 
prädiktive Grenzwerte für antileukämische Funktionalität ex vivo definieren, 
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welche auch prognostisch bezüglich des Ansprechens auf Immunotherapie 
waren. Eine erfolgreiche Blastenlyse korrelierte mit höheren Anteilen von (reifen, 
leukämie-stämmigen) DC und höheren Anteilen proliferierender, CD4+oder 
DC8+, nicht-naiver Zellen nach MLC. Gesteigerte antileukämische Aktivität war 
vor allem nach DC-Stimulation zu beobachten und korrelierte mit höheren 
Anteilen von Tcm und Tnaive vor Stimulation, sowie mit signifikant höheren 
Anteilen aktivierter und β-integrin exprimierender T Zellen [27]. 
Publikation 3: Um die DC-Generierung und das DC/DCleu Antigen-
Präsentationspotential zu optimieren, die Komposition und Funktion der DC-
stimulierten antileukämsichen T-Zellen zu verbessern und um Zellen des 
unspezifischen Immunsystemes zu aktivieren haben wir Paramunitäts-
induzierende Faktoren (PINDs) als Ko-Stimulanz untersucht (Publikation 3, 
[23]). PINDs bestehen aus attenuierten/inaktivierten Vieren verschiedener 
Poxvirus-Genera und werden in der Veterinärmedizin als nicht-Antigen-
spezifische, nicht-immunisierende Stimulatoren des unspezifischen/ 
angeborenen Immunsystems in der Behandlung infektiöser und maligner 
Krankheiten eingesetzt. Man vermutet, dass die Wirkung auf Dangersignaling-
Interaktionen beruhende Aktivation und Regulation des paraspezifischen, d.h. 
des angeborenen und unspezifischen Immunsystems in Bezug auf externe (z.B. 
Bakterien) und interne (z.B. maligne Zellen) Noxen zurückzuführen ist. Ihre 
Zugabe zum DC-Kulturmedium führte zu einem (erwünschten) Anstieg reifer 
DC und DCleu, reduzierte aber die absoluten Zahlen und den Anteil lebender 
sowie TLR4- und TLR9-exprimierender Zellen. Die Zugabe führte zu vermehrter 
früher (CD8+)T-Zell Aktivierung (CD69+), reduzierte aber den Anteil an Effektor-
T-Zellen nach MLC. PINDs in DC- und MLC-Kulturmedien reduzierten die 
antileukämischen Eigenschaften von T-Zellen und Effektoren des angeborenen 
Immunsystems. Passend hierzu wiesen die Überstände der Kulturmedien ein 
inhibitorisches Mikroenvironment auf (reduziertes IFN-γ, TNF-α and IL-2, 
vermehrtes IL10). Dies ließ uns eine „Blasten-Protektive“ Eigenschaft der 
PINDs vermuten. Daher schlossen wir, dass PINDs im Rahmen 
antileukämischer Therapien /Experimente gemieden werden sollten [23]. 
Zusammenfassend konnten wir zeigen, dass DC/DCleu (Leukämie-Antigen-
spezifisch) T-Zellen (und möglicherweise auch Zellen des angeborenen 
Immunsystems) aktivieren und dadurch ex vivo eine antileukämische 
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Funktionalität induzieren können. Allerdings führen nicht alle DC-generierenden 
Methoden zu einer solchen Aktivierung. Daher ist eine gründliche Analyse vor 
dem therapeutischen Einsatz von größter Bedeutung. Dies vor allem mit Blick 
auf den zukünftigen Fokus, der die Übertragung dieser ex vivo Strategie auf die 
in vivo Anwendung sein wird: Das antileukämische Potential/die 
antileukämische Funktionalität muss evaluiert und tolerogene DC oder andere 
inhibitorische Mechanismen müssen vor der klinischen Einführung 
ausgeschlossen werden.  
Im Vergleich zu einer adoptiven Transferstrategie wäre es einfacher und 
eleganter, komplizierte, logistisch aufwendige und teure ex-vivo-Verfahren zu 
umgehen, indem antileukämische immunreaktive Zellen direkt in vivo durch die 
Verabreichung von Medikamenten aktiviert werden, die die Umwandlung von 
Blasten in DCleu einleiten. Um dies zu erreichen, haben wir bestimmte 
Arzneimittelkombinationen ("Kits") ausgewählt, die GM-CSF (als myelopoese-
induzierenden Faktor) in Kombination mit 1-2 Faktoren, die ein ‚Danger 
Signaling’ sowie DC-Reifung induzieren (TNFα, IFNα, PGE1, PGE2, Picibanil, 
Calciumionophor) enthalten. Diese „produzierten“ DC/DCleu produzieren, ohne 
die Blastenproliferation zu induzieren (Helga Schmetzer, Deutsches Patent: 10 
2014 014 993, US und Europäische Patentanmeldung). Der nächste Schritt 
besteht darin, diese Kits in Vollblut zu testen, um in vivo-Bedingungen zu 
simulieren und schließlich Patienten mit diesen Kits zu behandeln.  
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